Objectives-To identify any anatomic barriers to local anesthetic spread between the sciatic nerve (SN) and the posterior femoral cutaneous nerve (PFCN) at the level of the infragluteal crease and to describe a potential technique for an ultrasound (US)-guided subgluteal PFCN block in a cadaveric model.
C omplete anesthesia of the posterior thigh requires blockade of both the sciatic nerve (SN) and the posterior femoral cutaneous nerve (PFCN). The PFCN provides cutaneous innervation to most of the posterior thigh and popliteal fossa ( Figure 1 ). It arises from S1-S3 and passes through the gluteal region alongside the SN (Figure 2) . 1, 2 The two nerves then start to diverge within the posterior thigh, with the PFCN crossing superficial to the biceps femoris muscle and the SN passing deep. 2 An SN block performed proximal to this divergence would presumably cover the PFCN, given the close proximity of the two nerves at this level. However, this coverage is not consistently the case. Subgluteal SN blocks miss the PFCN in 32% of cases. 3 Anterior SN blocks vary widely in their reported PFCN-sparing rate, ranging from 0% to 85% in various studies. [3] [4] [5] [6] Transgluteal sciatic blocks concurrently block the PFCN in most cases, although some studies report PFCN sparing in 4% to 9% of cases. [7] [8] [9] Given this inconsistency of concurrent blockades, a targeted PFCN block may be desirable to ensure complete blockade for surgical procedures involving the posterior thigh, such as amputations, debridements, and skin grafts. Unfortunately, the current literature on PFCN blockades is quite limited. Hughes and Brown 10 described a landmark-based approach in 1986. Topçu and Aysel 11 reported a single case of an ultrasound (US)-guided PFCN block for a posterior thigh debridement and skin graft operation in 2014. In 2015, Meng et al 12 reported that the PFCN was readily visualized and blocked with US guidance in the distal and mid thigh, but with some difficulty in the proximal thigh. However, a more proximal approach would be desirable for providing complete anesthesia to the posterior thigh.
The objectives of this study were to identify any anatomic barriers to local anesthetic spread between the SN and PFCN at the level of the infragluteal crease and to describe a potential technique for a US-guided subgluteal PFCN block in a cadaveric model. We expected to find a fascial barrier between the SN and PFCN in the posterior thigh, limiting the spread of injectates between nerves and necessitating a separate injection to consistently block the PFCN.
Materials and Methods
This study was approved by the Biospecimens Subcommittee of the Mayo Clinic Institutional Review Board, which oversees research on cadaveric specimens.
Anatomic Specimens
Four unembalmed cadaver torsos, with bilateral lower extremities intact to the mid thigh, were used for this study. None of the donors had previous surgery to the hip, pelvis, or thigh. No signs of trauma were present in the regions of interest. The sex, age, weight, and body mass index were recorded for each donor. The cadaver torsos were provided by the Mayo Clinic Anatomical Bequest Program, and the study was performed within the Mayo Clinic Department of Anatomy Procedural Skills Laboratory. All institutional policies for proper specimen handling were followed, and all cadaveric donors had a previously signed authorization for medical, scientific, and educational use of their cadavers by the Mayo Clinic. 
Injection Technique
All injections were performed by a single experienced operator (C.S.J.), a regional anesthesia fellow, assisted by regional anesthesia fellowship-trained faculty. The cadaver torsos were placed in the prone position. On a SonoSite X-Porte US system (Fujifilm SonoSite, Inc, Bothell, WA), a 13-6-MHz linear transducer was placed in a transverse orientation at the infragluteal crease (Figure 3) . The greater trochanter and the long head of the biceps femoris muscle were identified with US. The SN was identified lateral or deep to the biceps femoris long head, and the PFCN was found superficial or slightly lateral to the SN and immediately deep to the gluteus maximus and the fascia lata ( Figure 4 ). Correct identification of the PFCN was confirmed by tracing its course distally as it passed in a medial direction over the SN and crossed superficial to the biceps femoris.
With the US transducer again at the infragluteal crease, a 20-gauge, 4-in echogenic needle was advanced in an in-plane, lateral-to-medial orientation toward the SN. Once the correct needle tip position was confirmed with perineural injection of tap water, 15 mL of an aqueous blue latex solution was injected to simulate blockade of the SN. The needle tip was repositioned as needed to ensure that the short axis of the SN was completely surrounded with the solution. The needle was then withdrawn, flushed with tap water, and reinserted in the same lateral-to-medial orientation but instead toward the PFCN. Once the needle tip was positioned near the PFCN deep to the fascia lata and confirmed with tap water hydrodissection, 10 mL of an aqueous yellow latex solution was injected. Ultrasound images of the perineural latex spread were obtained after injection ( Figure 5 ). The same procedure was repeated on the contralateral side of each cadaver, for a total of 8 thighs injected.
Anatomic Dissection
After latex polymerization (48 hours after injection), the 8 gluteal regions and posterior thighs were dissected by an anatomist (W.P.) to expose the SN and PFCN with their surrounding latex. The fascial planes containing each nerve were identified. The presence of the appropriate-colored latex surrounding each nerve was noted, as was the presence or absence of mixing between the colored latex solutions. The extent of the latex spread around each nerve was documented. The locations of branches leaving the PFCN were noted, excluding the perineal branches and inferior cluneal nerves, since these branches do not provide posterior thigh cutaneous innervation. 
Results
Injections and examinations were performed on 8 pelvis-thigh specimens from 4 male cadavers aged 68 to 89 years (median, 81 years) with weight of 51.7 to 73.9 kg (median, 65.7 kg) and a body mass index of 18.4 to 25.5 kg/m 2 (median, 21.1 kg/m 2 ; Table 1 ). With US guidance, the SN and PFCN were identified with very little difficulty, with the lateral edge of the biceps femoris muscle serving as an effective landmark. Ultrasound measurements showed a median PFCN diameter of 4.1 mm (range, 3.7-5.2 mm) and a median SN diameter of 16.5 mm (range, 14.5-20.6 mm; Table 2 ).
As anticipated, the SN and PFCN were found on dissection to be coated with their respective colored latex in all specimens ( Figure 6 ). There was negligible mixing between the colored injectates except in 2 thighs, both in the same cadaver. The median spread for the SN injection was 4.0 (mediolateral) 3 13.3 cm (superoinferior) cm, and for the PFCN injection, it was 7.0 3 7.0 cm (Table 3) .
Notably, the PFCN was found within a separate fascial plane from the SN in all 8 specimens. Within the gluteal region, the PFCN was consistently contained within the deep investing fascia of the gluteus maximus, whereas the SN was located outside this fascial sheath. In the proximal thigh, a fascial layer was noted connecting the biceps femoris and vastus lateralis muscles, referred to as the deep investing muscular fascia of the thigh. The PFCN was found deep to fascia lata but superficial to the deep investing muscular fascia in 7 of 8 specimens. In 1 specimen, the PFCN and its surrounding yellow latex were found contained within the biceps femoris muscle's investing fascial sheath ( Figure 7 ). The PFCN consistently gave off multiple small branches in the proximal thigh, but with considerable variability in location. The location of the most proximal PFCN Figure 6 . Postdissection image of the PFCN (arrows), reflected medially with the gluteus maximus and deep investing muscular fascia for better visualization. Yellow latex surrounds the PFCN, and blue latex surrounds the SN (arrowheads). Note the fascial layer (deep investing fascia of the biceps femoris) separating the PFCN from the SN. BF indicates biceps femoris long head; GT, greater trochanter; IT, ischial tuberosity; and LT, lesser trochanter. branch relative to the inferior margin of the ischial tuberosity ranged from 3.0 cm proximal to 11.0 cm distal (median, 5.0 cm distal; Table 3 ). Despite this variability, the posterior thigh cutaneous branches were covered in yellow latex in all 8 specimens.
Discussion
This study demonstrates the feasibility of a US-guided subgluteal PFCN block in a cadaveric model. The PFCN was easily visualized with US guidance, and it was effectively covered with yellow latex along with its branches. A more distal approach to the PFCN would be more likely to miss its proximal branches, thus leaving some posterior thigh cutaneous sensation intact. In addition, we found the PFCN and SN to be consistently separated by a fascial plane: the deep gluteal fascia in the gluteal region and the deep investing muscular fascia in the thigh. This separation helps explain why subgluteal, anterior, and occasionally transgluteal SN blocks may fail to concurrently block the PFCN, particularly when using lower volumes of local anesthetic solutions. Interestingly, although most anatomy atlases show the PFCN lying medial to the SN throughout its course, 2,13,14 we observed the PFCN either directly superficial or slightly lateral to the SN at the level of the infragluteal crease in all 8 specimens. It then passed medially as it crossed over the biceps femoris.
In clinical situations requiring complete anesthesia of the posterior thigh, our PFCN block technique may be a useful supplement to an SN blockade. This technique may be particularly advantageous for above-theknee amputations. Two separate case series described the use of combined sciatic and femoral or lumbar plexus blockades as the primary anesthetic for abovethe-knee amputations, 15, 16 but the main limiting factor reported was incomplete posterior thigh anesthesia. 15 Other scenarios in which a PFCN block may be useful include posterior thigh debridements and skin grafts, as reported by Topçu and Aysel, 11 and posterior thigh vein stripping, as reported by Vloka et al. 17 A PFCN block may also be useful for easing tourniquet pain during lower extremity surgery, although a study by Fuzier et al 9 suggests otherwise. For efficiency purposes, the PFCN block could be performed as part of a US-guided subgluteal SN block by simply withdrawing the needle tip into the space immediately deep to the fascia lata after performing the sciatic injection. Due to its position relative to the SN, the PFCN is vulnerable to accidental puncture when the SN is approached in a lateral-to-medial orientation. Posterior thigh paresthesias during an approach to the SN should prompt a needle redirection.
Several limitations of this study are worth noting. First, the sample size was small, and it is unclear whether the anatomic patterns seen here are indicative of the broader population. In addition, the body habitus of the cadavers was very favorable to nerve localization with US. In clinical practice with a more obese population, the SN is often considerably deeper and can be difficult to visualize. Furthermore, finding a small nerve such as the PFCN at deeper locations may also be challenging.
Finally, the spread pattern of the aqueous latex solution may be different from that of local anesthetic solutions. We accepted that the aqueous latex medium was quite viscous, and its increased resistance to flow may have resulted in decreased spread. Despite these potential differences in spread, aqueous latex solutions were preferred over simple dye solutions for this study because they are much less likely to inadvertently mix during dissection of the cadaveric specimens. Unlike latex solutions, local anesthetics can diffuse across fascial planes. Diffusion of local anesthetic solutions may overcome the fascial barrier between the SN and PFCN. However, relying on the local anesthetic spread across fascial planes may lead to delayed block onset or decreased efficacy. Thus, in clinical situations in which primary anesthesia onset times are critical, we advocate for targeted perineural injections within the planes where the individual nerves reside.
In conclusion, based on the initial experience with this cadaver model, US-guided subgluteal PFCN blockade has strong potential as a technique for providing complete anesthesia of the posterior thigh in combination with a subgluteal SN block. This technique provides a way to specifically target the PFCN, rather than relying on spread from an SN block. At the level of the infragluteal crease, the PFCN is readily located between the fascia lata and the deep investing muscular fascia, just superficial or slightly lateral to the SN. Local anesthetic injection at this site would be expected to block the PFCN and its branches innvervating the posterior thigh, whereas a subgluteal SN block alone would likely fail to cover the PFCN. For situations requiring complete anesthesia of the posterior thigh, this technique may be a useful addition. Additional studies are necessary to evaluate the clinical efficacy of this technique.
